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NATTIONAL AFRONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-135

TRANSONIC FLUTTER CHARACTERISTICS OF A 45° SWEPTBACK
WING WITH VARIOUS DISTRIBUTIONS OF BALLAST
ATLONG THE LEADING EDGE*

By John R. Unangst
SUMMARY

An investigation of the use of ballast at the leading edge of a
cweptback wing as a flutter fix has been made. The investigation was
conducted ir the Langley transonic blowdown tunnel with wing models
which had an aspect ratio of L, sweepback of the quarter-chord line
of h5o, and a taper ratio of 0.2. Four ballast configurations, which
included different amounts of ballast distributed at two different span=-
wise locations, were investigated. Full-span sting-mounted models were
employed. Data were obtained over a Mach number range from 0.65 to 1.32.

Comparison of the data for the ballasted wings with data for a simi-
lar wing without ballast shows that in the often critical Mach number
range between 0.85 and 1.05, the dynamic pressure required for flutter
is Increased by as much as 100 percent due to the addition of about 6 per-
cent of the wing mass as ballast at the leading edge of the outboard sec-
tions. Furthermore, there are indications that similar benefits of
leading-edge ballast can be obtained at Mach numbers above M = 1.1.
Changing the spanwise location of the ballast and increasing the amount
oL the ballast by & factor of about 2 had very little additional effect
crn the dynamic pressure required for flutter. The possibility, there-
fore, exists that the beneficial effects obtained may be accomplished by
using less than the minimum of about 6 percent of the wing mass as ballast
a5 investigated in this paper.

INTRODUCTION

The resultis of a transonic flutter investigation of aspect-ratio-k,
LY sweptback wings with various center-of-gravity locations, reported

* PP B
Title, Unclassified.



in reference 1, showed that in the often critical transonic Mach number
range the increase in dynamic pressure required for flutter resulting
from a forward shift of the center-of-gravity location is considerably
larger than that predicted by Theodorsen and Garrick in reference 2 for
incompressible flow. The results of refer=nce 1 therefore suggest the
possibility of employing a forward shift of the center of gravity as a
flutter fix at transonic Mach numbers. 1In reference 1 the center of
gravity was moved forward by adding ballast to the wing leading edge
along the entire wing span. A similar application of ballast to a full-
scale airplane would prcbably be impractical because of the weight
penalty involved. It should be noted, however, that shifting the cen-
ter of gravity of the inboard sections forward may not be necessary to
produce the desired increase in flutter speed because of the relatively
low level of motion of the inboard sections in most flutter modes. The
purpose of the present investigation is, tnerefore, to determine the
effects of a forward shift of center of gravity of the outboard sections
only.

The plan form selected for the present investigation had an aspect
ratio of 4, sweepback of the quarter-chord line of 45°, and a taper ratio
of 0.2. The data for the basic wing of this plan form are presented in
reference 3. Models for the present investigation had the center of
gravity of the outboard sections moved forward by the addition of ballast
along the leading edge. Four ballast configurations were investigated
over a Mach number range from 0.65 to 1.32. The flutter tests were con-
ducted in the Langley transonic blowdown tinnel.

SYMBOLS

a distance perpendicular to quarter-chord line, in wing semichords,
from midchord to elastic axis, positive for elastic axis behind
midchord

b local wing semichord, perpendicular to quarter-chord line, ft

bn root semichord perpendicular to guarter-chord line at inter-
section of quarter-chord line and wing root, ft

by streamwise root semichord, ft

b+, streamwise tip semichord, ft

C local wing chord, perpendicular to quarter-chord line, ft

1 experimental flutter frequency, cps
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measured coupled bending frequency, cps (i = 1, 2, 3)

measured first coupled torsion frequency, cps

exposed panel semispan perpendicular to model center line, ft

mass moment of inertia per unit length of wing along quarter-
chord line, measured about elastic axis, slug-fte/ft

experimental Mach number

mass of wing per unit length along quarter-chord line, slugs/ft
total mass of exposed wing panel, slugs

experimental dynamic pressure, lb/sq in.

nondimensional radius of gyration about elastic axis, measured

perpendicular to quarter-chord line, (Ia/mb2>l/2
experimental stream velocity, ft/sec

volume of ailr within a conical frustrum having lower base
diameter equal to streamwise root chord and upper base diam-
eter equal to streamwise tip chord, % Z'n(bsg + bgb¢ + btg),
cu 't

distance in wing semichords from elastic axis to center of
gravity, measured perpendicular to quarter-chord line; posi-
tive for center of gravity behind elastic axis

distance perpendicular to quarter-chord line from leading edge
to center of gravity, ft

nondimensional coordinate along quarter-chord line measured
from intersection of gquarter-chord line and fuselage, frac-

tion of quarter-chord-line length

experimental mass ratio evaluated for entire exposed wing
panel, 1/pev

experimental air density, slugs/cu ft

measured first coupled circular torsion frequency, 2nfy,
radians/sec



MODELS

Configurations

The plan form investigated had an aspzact ratic of 4, sweepback of
the guarter-chord line of M5O, and a taper ratio of 0.2 based on the chord
in the model plane of symmetry. A total of nine models, all having NACA
65A003 streamwise airfoil sections, were employed. These models formed &
series of four ballasted-wing configurations, the pertinent characteristics
of which are tabulated below:

Configuration Added'bal}ast, percert of Spanwise extent of
basic-wing panel mass ballast, 10
I £.25 0.75 to 1.00
11 £.5 .50 to .75
ITI 10.9 .75 to 1.00
v 12.5 .50 to .75

Model dimensions are shown in figure 1{(a). Drawings of the models showing
the location of the ballast for each configuration are presented in fig-
ures 1(b) and 1(c). A tabulation of the geometric properties of the models
is presented in table I.

Constructior

Tach model was machined from a solid block of Consoweld, a phenolic
o

laminate material with high-strength paper reinforcement (ref. 4). Irior
to machining, =ach medel ilock was inlaid with the ballast materiza;

(%0 percent lead, 25 percent bismuth, and 25 percent tin, by welight)] at
the proper spanwise location (fig. 1). Tre Consoweld block plus the
attached baliast was machined as a unit. The ballast was slotted normal
o the quarter-chord line to minimize the effect of the hallast materiai
on ‘he overall stiffness of the wing panels (exposed semispans). Each
surface of the wing panels was undercut by about 0.002 inch and then the

rane’ s were wrapped with © layers of 0.001-inch-thick Fiberglas {except.
I 1

medel 7, which was wrapped with 2 layers cf s11k) to hold the ballast in
; irg the tlutier tests. The 0.383-1inch-thick center block of eacn
'ig. 1) was made flat and rectangular in shape to facilitate

the models in the sting support ised in the wind-tunnel testis.




Physical Properties

Tabulations of the physical properties for zach of the four ball
configurastions are presented in +ables II(a) to IT(d). The properties,
other than ithe natural frequencies, presented for single panels of
, and Y are consldered 1o be representative of all the

igurations I, 1T, III, and IV, respectively. OSpanwise
of mass per unit ilength of semispan, cpnfer—of—gravity
5 moment of inertia per unit length of semispan for the

t the ba.last copfiguratzunb and for the basic

models 1, &,

models of con
distributions
location, wid ma

Hyo~a]

ation of bthe elastic-nxis location a, each wing
1ine perpendicular to the quarter-chord line
e intercection of the wing trailing edge and the
s position at which a concentrated bending load pro-
tuced no twint in the wing was determined at several Dpanwise stations
and o stralent. Line Taired Lhrough these points was taken to be the
cinetic-axis location. The parameiers which detine the spanwise distri-
nass morment of biertia, and the center-ot-graviity loca-
respectivzly, were .Jdefermined [{rom strips cut

vzt ion of
nicn im, s
pcrwnrll*JT%r L0 ihe quarter-chord line for each panel. The total panel
mass m was determined by weigb*ﬂg each panel prior to sawing It intoe

. 4 last indicated previously in the sec-

JERCIOUNFI =d vus determined by obtaining the area
cradad A N We the curve for the mass distribution over the
ballastad rosior wal 4 curve which reprﬁspn+ed the ectimated macs liestri-

Latdon o0 Lhe cwrticular wing without ballast.

an=ls tested are tabulated in
lines are strown in figure 1.

: x5 € fr ncies and noce lines, =2ach
nodel was oo d1 o oa el Lrﬂoh in guch a manney that each wing panel
e consiaceed g ocantt Tevered from the center hlock. Ln 2ionctro-
: L : ged b oaxed the models. Salt cr ig sprinkled
fnone Sing anpriacc verse aged to ntify the node linesz.
LT ADATUS ANT TESTS
Wind Tunnel
e Potor cesto g0 oo conduernaed in plowdown
oo Toie carredl o caiipped withoa netaogonal section,
peesr e apnrax ooty e Sarears betwe to, which allows Ma@n rium-
ir vhesr e o e - o s omaxinum afoanin 4ota be attained

Thavie e cwernt oo o e T oprese
H : g Ll prease



means of a variable orifice downstream of the test section. This Mach
number is held approximately constant, after the orifice is choked, while
the stagnation pressure, and thus the density, is increased. The maximum
stagnation pressure available is about 5 atmospheres. The static-density
range is approximately 0.001 to 0.012 slug per cubic foot. It should be
noted that because of the expansion of the air in the reservoir during a
run, the stagnation temperature continually decreases so that the test-
section velocity is not uniquely defined by the Mach number. The tunnel
operating characteristics in terms of dynamic pressure g, and Mach num-

ber Mg are indicated in figure 3 for four different orifice settings.

Support System

The models were supported in the tunnel by a 3-inch-diameter sting
fuselage. The nose of the sting extended into the entrance cone of the
test section, where the flow is always subsonic, to prevent the forma-
tion of a bow shock wave which might reflect from the tunnel walls onto
the model. The complete support system weighed about 290 pounds and was
considered to form a rigid mount for the moiels, since the mass of the
system was very large compared with the mass of a model. The fundamental
frequency of the support system was approximately 15 cycles per second.

Instrumentation

Electrical strain gages were mounted on the surface of each wing
panel near the root. These gages were used to plck up the bending and
torsional deflections of the wings and were so oriented that cross
coupling between the bending and torsional Jeflections was minimized.

A multichannel recording oscillograph was employed to record the time
history of the strain-gage signals, tunnel-stagnation pressure and tem-
perature, and test-section static pressure luring the tests. Two
cathode-ray oscilloscopes were employed in connection with the strain
gages to aid the observer in detecting the occurrence of flutter during
the tests. The strain-gage signals were fel to the oscilloscopes in
such a way that a Lissajous figure appeared at flutter.

Tests

The objectives of the wind-tumnel tests were to determine the vibra-
tion frequency and the airspeed and density at flutter over a range of
transonic Mach numbers. Flutter is obtained in the blowdown tunnel by
gradually increasing the stagnation pressurz until flutter is definitely
identified by the observer, either by visual observation of the model or
with the aid of the aforementioned oscilloszopes. Once flutter is obtained,



the stagnation pressure is held constant momentarily and then 1s quickly
reduced. As was the case with the models of reference %, the models of
the present investigation had flutter boundaries so located within the
operating range of the tunnel that data above M = 1.05 could not be
obtained without flutter first being encountered between M, = 0.8 and

M, = 1.05. Thus, attempts to obtain flutter at supersonic Mach numbers
resulted in a start and stop of flutter between Me = 0.8 and Me = 1.05.

PRESENTATION OF DATA

The results of this investigation are tabulated in tables III(a) to
III(d) for ballast configurations I to IV. 1In table III, the first column
gives the identification numbers of the models employed in obtaining the
data. The second column gives the run number and the third column shows
the chronology of the data points obtained during a particular run. The
fourth and fifth columns contain a code system which describes each data
point. This code system is defined at the bottom of table III(a). (By
way of explanation, low-damping behavior, indicated by the code letter D
in table ITITI, is characterized by a period of intermittent sinusoidal
oscillations which obscures the exact start of flutter.) The column
labeled fy gives the torsion frequency (measured in still air) for the

wing panel associated with the data point. Separate data points are pre-
sented for each panel throughout table III.

Data from table III are plotted as a function of Mach number in fig-
ures 4 to 7; these data are compared with data from reference 3 for the
5-percent-thick wing, referred to hereinafter as the basic wing. Data
indicating the start of flutter are shown by open symbols; data indicating
the end of flutter as the dynamic pressure was increasing are shown by
flagged symbols; data indicating a no-flutter condition at the maximum
dynamic pressure attained during a run are shown by solid symbols.

Periods of low damping are indicated by dashed lines preceding the flut-
ter points.

Figure 4 presents the variation of the parameter ——YE——— with Mach
bsu%VE;

number for the four ballast configurations. Figures 5(a) to 5(d) present
the variation with Mach number of the dynamic pressure required for flut-
ter for ballast configurations I to IV, respectively. Figure 6 is a
composite plot of the data in figures 5(a) to 5(d). Flutter frequency
data for the four ballast configurations are presented in figure 7 in the
form of the ratio of experimental flutter frequency to measured coupled
torsion frequency plotted against Mach number.



DISCUSSION OF RESULTE

The data presented in figure 4 show tlat on the basis ¢of the non-

. . v . . .
dimensional parameter —E——, the experirental results of the investl-

bs“%{;e
gation tend tc correlate for all ballast configurations. Figure & also

\ . . Vv . .
shows substantially higher values of —=-— for all ballasted wings

b e

than for the basic wing throughout the Mach number range of the investi-
gation. This nondimensional presentation coes not, however, make readily
apparent the effect of the added ballast on the flutter speed and dengity
of the basic wing, since the addition of buallast reducec the torsion fre-
gquency which is contained in the parameter. For a given wing the effec-
tiveness of a flutter fix is illustrated more explicitly by comparing the
results on ‘he basis of dynamic pressure, as is done in figures 5 and .

Figure 5 shows that substantial Increnses in dynamic pressure required
for flutter are realized throughout the Mach number range of the tests by
adding a relutively small amount of hallas: t¢ ~he leading edge of the out-
hoard sections of the basic wing. For cxanple, figure 5{a) shows that ihe
addition of about © percent of the basic w.ng mass as ballast increases the
dynamic pressure required for flutter by as much as 100 percent in the often
eritical Mach number range between aboul Mg = 0.8 and My = 1.05. Since
the dynamic pressure required for flutter raries directly with the torsional
s+ iffness {to a first approximation), it tius appears that, in order to
achieve the same effect produced by the adiition of about 6, percent of the
wing mass as ballast, an increase in plain-wing torsional stifiness by &
fac-or of 2 would be reguired. A quantitaiive estimate of the effects of
btallast at higher Mach numbers cannot be mide, since flutter could not be
obtained for this configuration above Me = 1.05. However, the values of

dynamic pressure associated with the no-flitter pcoints in figure 5{a) do
indicate tha* the flutter characteristics 5[ this plan form above Mg = 1.05
can be substantially improved by the use of leading-edge ballast.

Figures 5(b) to 5(a) show that the results obtained for ballast con-
figurations II, III, and IV are essentially the same as the results
obtained for configuration I. It will be noted that there ic some scatter
in the data presented in figure 5, particularly for configuration IV
(rig. =(1)). However, the differences in natural frequencies between the
two panels of some models and between some models of a given ballast con-
iguration (table II) indicate that some ccatter is to be expected.

Tre daty presented in figure 5 are summarized and compared with the
basic wing data in figure ¢. In the Mach number range betlweernn M. = 0.65



and Mg = 0.95 the data indicate that changing the spanwise location of
the ballast and increasing the amount of ballast by about a factor of 2
had very little additional effect on the dynamic pressure required for
flutter. The possibility, therefore, exists that the beneficial effects
of leading-edge ballast indicated herein may be obtained by employing
less than the minimum of 6.25 percent of the wing mass as ballast inves-
tigated herein. In the region near Mg, = 1.0 the data in figure 6 show

a considerable spread in dynamic pressure required for flutter. However,
the location of the no-flutter points at supersonic Mach numbers indi-
cates that near Mg = 1.0 the dynamic pressure required for flutter is

changing very rapidly with Mach number. Hence, the data near Mg = 1.0

is believed to be indicating the trend of the flutter boundary in this
region.

As shown in figure 7, the variation of the ratio of flutter fre-
quency to torsion frequency with Mach number for the ballasted wings was
essentially the same as that for the basic wing for Mach numbers up to
1.05.

It is recognized that some differences existed among the various
models employed in the investigation. The differences in natural fre-
quencies have been mentioned previously. From figure 2 it may be noted
that, if the added ballast 1s disregarded, small differences exist in
panel mass distribution for the various models. Furthermore, although
no measurements were made, there were probably some slight differences
in stiffnesses of the various models. However, these differences are
believed to be small enough to have no appreciable effect on the con-
clusions of the present investigation.

CONCLUSIONS

The results of a transonic flutter investigation of an aspect-
ratio-4, 45° sweptback, taper-ratic-0.2 plan form having various amounts
and locations of leading-edge ballast indicate the following conclusions:

1. Substantial increases in dynamic pressure required for flutter
were obtained throughout the Mach number range of the tests as a result
of the addition of leading-edge ballast to the outboard sections of the
basic wing. In the often critical Mach number range between Mach numbers
of about 0.85 and about 1.05, the addition of as little as 6.25 percent of
the basic wing mass as ballast increased the dynamic pressure at flutter
by as much as 100 percent over that for the basic wing. Indications are
that similar benefits of leading-edge ballast can be obtained at Mach
nurbers above M = 1.1.
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2. Changing the spanwise location of the ballast and increasing the
amount of ballast by a factor of about 2 had very little additional effect
on the dynamic pressure required for flut-er. The possibility therefore
exlsts that the beneficial effects obtained may be accomplished by
employing less than the minimum amount of ballast used in this investi-
gation (6.25 percent of the wing mass).

Langley Research Center,
National Aeronautics and Space Administration,
lLangley Field, Va., August 5, 1959.

REFERENCES

1. Jones, George W., Jr., and Unangst, Joan R.: Investigation to Deter-
mine Effects of Center-of-Gravity Location on the Transonic Flutter
Characteristics of a 45° Sweptback Wing. NACA RM L55K30, 1956.

2. Theodorsen, Theodore, and Garrick, I. %.: Mechanism of Flutter -~ A
Theoretical and Experimental Investization of the Flutter Problem.
NACA Rep. 685, 19L0.

3. Unangst, John R.: Transonic Flutter Characteristics of an Aspect-
Ratio-4, 45° Sweptback, Taper-Ratio-D.2 Plan Form. NASA TM X-136,
1959.

4. Lamb, J. J., Boswell, Isabelle, and Axilrod, B. M.: Tensile and Com-
pressive Properties of Laminated Plastics at High and Low Tempera-
tures. NACA TN 1550, 1948.



11

TABLE I.- GEOMETRIC PROPERTIES OF MODELS

NACA streamwise airfoil section . . . . . . . . . . .. . . . . . 651003
Aspect ratio (including body intercept) . . . . . . . . . . . . . L
Sweepback angle of quarter-chord line, deg . . . . . . . . . . . 45
Taper ratio (based on chord in plane of symmetry) . . . . . . . . 0.2
Model span, ft . . . . . . . . . . . . . e . v e e e e o . .. l.ake
Exposed-wing-panel aspect ratio . . . . . . . . . . . ... ... 1.8%
Exposed-wing-panel taper ratio . . . . . . . . . . . . . . .« . . 0.241
Exposed-wing-panel semispan (perpendicular to model center

line), 1', ft . . . . . . . o . e . e e e e e e e . ... 0.44p
Length of exposed panel along quarter-chord line, ft . . . . . . 0.63%0

Root semichord perpendicular to quarter-chord line
at intersection of quarter-chord line and exposed
wing root, by, ft . . . . . . . . .. 0oL 0. L. ... L0725

Streamwise root semichord, bg, ft . . . . . . . . . . . . ... .0.1979
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TABLE IIl.- PHYSICAL PROPSRTIES O ' MODELS

(a) Configuration I

Model 1 right panel

m = 0.00186 slug

m, 2

n slugs/ft Ta @ Xa b/by
0.379 0.00417 0.219 -0.178 n.086 0.7123

.Lé3 00348 .217 -.156 .0l2 LELE6

.5u6 .0 88 231 -.134L 020 ot

626 L0233 .23h -1 -, 018 Lo2lg

.70 .00183 .2Lé -.062 -.0L8 RSN

792 00221 Ahil -.26 ~.336

879 00177 Rt .036 -2k

.9h7 LON1Y0 561 e -5 0k

Measured natural frequencies
Model 1 Model 2 Model 3

Tvem TUort | Rignt | Left  Right | Left | Right
fny 78.2 7.2 79.4 77.0 75.5 7h.3
Thy 217 265 260 258 273 278
Thy o78 578 570 2ée 60 603
fy, 32 L2l 27 L3 k31 L3l
fhl/ft .181 177 .186 179 178 172
fhg/ft 598 628 609 .599 .633 .638
th/ft 1.3k 1.36 1.33 1.31 l.ko | 1.ko

(b) Configuration II

Model 4 left panel

m = 0.00191 : lug

o,

m slugs/ft r“2 & *a b/ by
0.369 00043k 0.220 -0.074 | -, R8

Le2 L0372 237 -.062 C.056

Rl L00375 .332 -.018 .,222

618 L0032k .332 L028 - L302

.70l .cee81 Lo2 .078 - LLah LATe

.786 L0015k .312 1Lk -.23h el

.868 L0013 .36l .2ho - .318 S3uln

.92 o008, 479 .36 - L06 280G

Measured natural frequencie:

Model b T
Item J—
Left Right
fny 76.7 a0
hp 242 277
fhj <75 632
ft, L7 h7h
/Ty .168 .159
Tho/Tt, .530 L8
th/ft 1.26 1.23




TABLE II.- PHYSICAL PROPERTIES OF MODELS - Concluded

(e} Configuration III

Model 7 right panel

m = 0.00197 slug

m, { 2
n slugs/ft Ta a *a v/br
0,276 0.00L0¢ n23Y -0.16R o.0Lé CLT LA
Lbe L0onicg 231 ~.1%4 008 .
«Zhiy Relb Lk W2L2 =1k .036
628 L0R 36 L2hk -.,122 JR2
.70 .00189 .2L9 ~.108 .032
.792 00287 . 3% -.082 ~.31L
TR I 00227 . ~ 028 -.382
LoLE Mokl Jh3e ¢.o0 -. 380
Measured natural frequencies
Model o Model 6 Mcdel 7
Item ———
Left Right left Right Left P ght
Thy 58.2 87.3 59,7 66 63.% 66,2
thy 28 237 273 271 228 218
fhg £31 cLo 577 612 g3 <85
fy L2o k31 L& 3R hlo L27
fny /T4, 139 132 133 19 .16¢ Rt
Thy/ Ty, LT67 580 565 .619 .56 561
fhj/’ft, 1 1.24 1.29 1.29 1.Lke 1.3% 1.37
L
(d) Configuration IV
Model S left panel m = 0.00211 slug
m 2
N sl,ug;/ft Ta a Xq b/br —[
0.379 0.00453 0.22 -6.276 0.180
g2 L0039 .23¢ -.2c2 160
Sl .00LLB 270 -.22L -.08k
628 . 00398 .330 =200 -.1h2
707 .00379 .298 -.162 -.236
L792 00165 287 -.122 oLl
B77 .00123 27 -.060 026
L980 L0093y .33 .22 -. 03 .
I
Measured natural frequencies
Model 8 Model ©
Item
left Right Left i ght
fhl ‘ al,2 82 81.% 23,2
Ty [ o3 2h3 267 277
Ty AR7 92 Ak 607
fy LE2 uee at7 L68
fhy /Ty .17 .181 178 .178
sty | .Anﬂ‘ LT3R £72 =3
‘t i L3 | 1.3 1.97 1.40
nyd To 3 3 ?
AR R | S




14

J9330TF JO 90USIINDD0 PUODSS YITA PIIBI20SSE -
J839NT JO IDUIIIMOD0 3SJITI UITA PIIBIC08sS® - T

paUTE}(QO BIEP OU -
J39330713 ou - sanssaad STuBULp UMMTXBW -
suotltpucd Fupdursp MOT
I993NTY ou -

933073 JO pud

I3RS

:s1draosqng

t
B2 A CE X

19pOD JOTABYSY ﬂw:wnumuﬂsa

490 43 oege” ce-om= | GhgNT | mmmmms 602 -=-1 979901 | 7T1°.L 1g200°" ™o 1 Ty X 4
[} %6R2” 96" 0904 " T66¢ " QLY ZLT| 670%9 61°0¢ jeielelod 6gL” a Ty T g
¢g-ee oehG* oG memmme | mmmeee --- == 61T | 2971 2mho0” 206" T W W ¢
00" L Q662" ge6e" Lot~ ee:” oLT! 0'BTIOT | 4T°0% n6T00° 9g6* g Tg 2
g Lhoe - 1hye” CHLe " g lem LeT | WL UYL Y Dmg | 10 Yx Lleuu | o Ta Ta N L M
| ! |
19°6 892" otLe” 295" conyg* e a I ggT 981 g6l 16°0¢ 26200° m (9.9 1% 1T 1 9
89 1962 ! 6gbe” 9egn’ | g 1 P 02 g0z | 260L | L6TET 4 06500° . M99° 1%¢ ¥4 1 ¢ g
, | T M ; | ; “
0¢ 82 0¢19° 9109" “m=ee- W ...... 7 1 --- ) == _ T°28TT | g ¢l | 23600 GGe T W I ¢
9¢°8 11 alee” 262 | gTent | 2gt | egll 0°geotr | T0°mE | 62z00° . 986" I3 Ta 2
62°G 0682" 9¢pe” ogbe | ZTEET | 69T | 69T | L-e2gg ! LGr¢C i 2tezo0” | 6eg ¥ & T "
i ,
Lz ne 0R95" GLGG* mmmmme Do ? == b === | TULLTT | Gnrat #0G00* W 6821 W Wi ¢
0% L 091§ | TOTET | g6Tat | ooetnt gLT , gLT| 872001 | €279¢ qreoos | o6 Ta o | =z
976 16L2" 6¢L2" 6007 " ceee | oLT + OLT i L'log Ll wg . weeoo” ¢zg” Ta T4 T ¢
089 Loog " 2662 Len” o | GLT GLT | L4001 | 6T 0% i w6100 LoGlee 1y Ta z
Lerg ange” 9662" GT6¢” eNRe " 99T | 99T | €746 . €9°LE Logo0*" W 308" T T T 2
08°9 otos | w6er | Lernt | Teom | 6Lt w CLT | 672001 | w6°6% c6t00r | Gl6 T3 Iy ¢ w
LG og9rz | 6oLzt | eopsto | 96lE0 T on9T | Lowee | el | 902000 g | 2
6 §092°0 | 096270 | —==-=- | ------ ner 2en R S TR S 2R §0z00°0 9.0 a a T 1 T
H I |
AT 3397 3Ty ERSt 3T | 34eT | T | 3381 ; udry | el M
‘uy bs/q1 095 /43 | 5 33 no/sdnys . i
oy Wm,fjmn 13/2; sdo sdo =N M ‘oy W e JuTod | ung | TIPOW
EN ‘i3 (551 Tourd-BuTM

I UOTABRMITIUOD ISBITRA (B)

JLINSTY TVINDWINAIXT 40 NOILVTIIHW0D - IIT 37aVlL



15

4911073 JO 3002IINOU0 PUODSS YLTA DPITETIOSS
IRIINTE JO 8IUBIANDD0 J5ITS 43 [M POIBTOOSS

oy

t2qdraosgng

PAULRLILD BRIV CU
4933071 ou - samssaad oTopulp W xwn

SUOTITpucd Burdiep mot
453301y ou

123973 3O tua

ISl

©TIeTaRy

nendG”

T ‘

DEZ00”
9970C*

PoNTeRE  £570% 05200 Solt N A4 T 9t

|- [Tl

—

'
w
ol
o
<
=
&
ks
Qo

3
3
ol
o
I
o]
o1
1
o
MY

[
g _g9et et i ' {1

mee ugye : --- 00c 1 6TESE

t
o
A
ENIEY
—~
1

[

e e ] £07¢T GT900° Woow <

m=---- ----- 1y ' .- e EEAN A 512000 iz »

269z L= S : 5.3 ; T LT200T ot <

' toage 262 =6 9¢ LTZ00" 1%} <
A R - D Cogneag GTE00" Tg " T ©T

R R EaR T4 --- 0 lzE o 200" e [ S
*.C T SIS , Tt s . = - 1 _T00 LI N m“ P

*5 S R ot B : --- G i w900t SE €] :
R I N TTomn o meee ' : 1.4z c2ing” Qs iz 1 e

~T900" EEE H . K *

[ T T6HTO0" et Pt el ‘
099 EERa EATOOT Lt T4 S
| 540°] 4444 627 6% nIEOCH st iy N ! T

wngz- Leoe H

'y E
[E ,x. L0 ae T ot
S/ ] mrm—-- S PR T o0 E et El
519 —meme- : . .

©osTy B ) T T oo
B3 LIova sEron
(] 2 bn Toa. s e

R P . — e




16

TATLE [11.- COMEILATION OF EXPERIMENTAL. HESULTS -

it contiguration 111

I i -1 Tl ! ” . [
| | imepurd ‘ ‘ v,
K-l ! s [ — :
: i tehaviort | R uitt N .
Model  Bun | beint ¥ oy Ge»
e e - : -- — e 114 /5g tn
| : Lors © Right eft sg Le*t | Right . lert ! Right
Lo H . . . e i i

' | | ¥, F 2 Lal TR R .
E,oox L T [
i P " « [ N e (T EIS A RS Yoeoiun

| |

| i |
It ! ¥ x | [T U N ST B

v

e i D we | S
Sy vr | o

i
s MM ‘ ---------- Bt
i . N £y [ T I s .
! . ¥ 220
| .
N W L3
. TS I 1 S S B A i
P v " PSS RN [T oo
! i - i - —

(&) Baliast configuration [V

f - : v , '
i | ] | 1 ! v ]
| ! : Winp- P : ¢
! twhavicr* ; . I (ro
Mode: © Rur | Foine | CTT M S Per L P . rﬁj o i e
| -1 ! Slugsiou L L. T L eyt
Lert ¢ Right | aft Left © Right
R ; 1 . 1.= .
; o Lo [ ;
[ M| M 1.e Ve [P
| ' | ! I
[ ¥ + SR I R B : !
[ [ e | Lty : o
t I
[ ¥ I L 200 219 ‘ TS e RETE
“ M Pl L0 B - - I R R e ;
A i Hy } X : AER LGOLEY .- _—— i _____ : .
i F, | X i RVEN] e e T B o ‘
i i i . : : : 1
o Lo Dby ¥ I 4 L0413 o6 S | [ B e | .
[T X Lo b oo o oo | s | A L A WE R 5
| | L
P T R T T SO BRLL L O oW M R ‘ T A J i ‘ VI T { ;
. | i I 1 i i i i ; - [ i | - .|

F r
o~ end of Flutter
N - no flutter

D o- tow dumpl
- maxima d
- no data

- s flather

Sutseripta:

Slutter
©otftiutter

slated with
clated with

- 4




17

TS9UDUT UT SUOTSUSWID TV ‘S9T0USNbaIJ TBINIBU DPO}BRIO0SSE
pue ‘S3UTT 9pou ‘Suor3®OOT 1SBITBY ‘SUOTSUSWTP JuTMOUS STOPOW JSYINTJ JO SPUTMBI] -'T SaNnITq

"SUOTSUSWTIP T9PON (®)

|

1 = —
1 i

fe— o0°¢ 'IL Jﬁl

0oL €Y

A

it

\

§o0T1q 18U



BB Dornotes ballast

Model 3

Configuration 1

lcdel 4

fi-uration 1.

(v) Configurations I and II.

Figure 1.- Continuzd.
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Confiriration 111

Kodel @

vonfisuration IV

(c) Configurations III and IV.

Figure 1.- Concluded.
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(a) Basic wing data.

Figure 2.- Spanwise variation of measured mass per unit length, center-
of-gravity position, and mass moment c¢f inertia per unit length for
basic-wing and ballasted-wing configurations.
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(b) Ballast configuration I (model 1, right panel).

Figure 2.- Continued.
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(¢) Ballast configuration II (modzl U4, left panel).

Figure 2.- Continu=d.
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(d) Ballast configuration ITI (model T, right panel).

Figure 2.- Continued.
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(e) Ballast configuration IV (model 9, left panel).

Figure 2.- Concluded.
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Figure 3.- Operating characteristics of the Langley transonic blowdown
tunnel.
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(b) Models of ballast corfiguration II.

Figure 5.- Continued.
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(c) Models of ballast configuration III.

Figure 5.- Continued.
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(d) Models of ballast configuration IV.

Figure 5.- Con::luded.
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Figure 6.- Variation of dynamic pressure required for flutter with Mach
number for ballast configurations I, II, III, and IV.
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